























HGF promotes malignant phenotype and poor prognosis of 




指导教师姓名： 尹震宇 教授 
 
 
 金光辉 教授 
专 业 名 称： 外科学 
论文提交日期： 2013年  月 



























另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             






















（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 




















 I  
摘 要 
原发性肝癌是目前我国发病率和致死率位居第二位的恶性肿瘤，每年约有
30 万例新发肝癌，约占全球发病率的 50%以上。肝细胞肝癌（hepatocellular 




多种致癌因素作用下，如 HBV(Hepatitis B virus)和 HCV(Hepatitis C virus)感染、
黄曲霉毒素 B1(aflatoxin B1，AFB1)摄入、酗酒和非酒精性脂肪性肝病









要的修饰形式，其中 DNA 甲基转移酶(DNA methyltransferases，DNMTs )是催化
DNA 甲基化造成抑癌基因表达沉默的重要调控分子。HCC 中常表现出整体基因
组广泛性的 DNA 低甲基化，而在很多抑癌基因启动子的 CpG 岛位点却发生特异
性 DNA 高甲基化，提示 DNA 甲基化机制在导致抑癌基因沉默及恶性肿瘤的发
生发展中起到重要作用。然而，肝脏微环境中细胞因子（如 HGF）在肝细胞的
表观遗传中产生了怎样的影响，以及是如何通过表观遗传学机制来调控肝癌恶性
表型和预后的尚未清楚。因此，本研究从 HGF 调控 DNMTs 或 DNA 甲基化状态
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    在本课题中，主要从三个方面进行研究：(1)DNMTs 在 HCC 临床样本中的
表达及其临床意义；(2)DNMTs 对 HCC 细胞系恶性表型的影响；(3)HGF 如何调
控 DNMTs 表达及其可能机制探讨；(4)HGF 通过 DNA 甲基化机制调控的基因表
达谱分析和相关靶基因鉴定。结果显示，DNMT1 和 DNMT3B 在 HCC 组织中表
达明显上调，与瘤旁组织比较，表达上调比例分别为 83.15%（74/89）和 85.39%
（75/89），并且表达量与生存期、甲胎蛋白（α-fetoprotein，AFP）含量和病理分
期等关键临床指标密切相关。同时，分析发现 DNMT1 表达上调与 AKT 通路激
活呈正相关。在 HCC 细胞模型中发现，HGF 能够明显上调 DNMT1 和 DNMT3B
蛋白水平表达，并能够调控细胞增殖、细胞周期、细胞凋亡和迁移等恶性表型。
通过甲基化芯片和表达谱芯片分析，筛选并鉴定了多条通过 HGF 和 DNA 甲基
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ABSTRACT 
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors 
in the world. China has a high incidence of liver cancer. More than half of HCC 
patients around the world are concentrated in China. Although taking positive surgical 
treatment, there still were about 35 million people who die annually of liver cancer, 
which is the second highest cancer mortality rate in China. 
The early diagnosis of HCC is difficult, and there are only few effective 
treatments. Some patients do not respond well to chemotherapy and postoperative 
metastasis and recurrence rates are very high, resulting in the majority of HCC 
patients having a poor prognosis. It is now widely recognized that the incidence of 
primary liver cancer is multifactorial, multi-channel and multi-step, and are the results 
of the long-term effects. A variety of cancer-causing factors such as HBV and HCV, 
aflatoxin B1, alcohol consumption, hereditary liver disease as well as the role of the 
NAFLD could change the microenvironment of liver with hepatocyte damage and 
proliferation which caused genetics and epigenetics cumulative change. The liver 
microenvironment changes are closely related to the occurrence of liver cancer 
development. The study found that the growth factor in the liver microenvironment, 
such as HGF, IGF1, EGF, inflammatory cytokines IL-6, TNF and other cytokines, 
plays an important regulatory role in cell survival, apoptosis, regeneration and tumor 
development. Their precise and complex regulatory pathways still need further study. 
The process of malignant transformation of liver cancer is associated with 
complex epigenetic change. Regulation of gene expression by histone modification 
and DNA methylation mechanisms changed the cell phenotype, differentiation and 
functional characteristics, which is an important factor for hepatocarcinogenesis. 
To re-establish methylation patterns needs the participation of DNMT1 and 
DNMT3B. Expression of abnormally high levels of DNMTs can be seen in a variety 
of tumors. In addition, epigenetic state of the hepatocyte is directly influenced by the 
liver microenvironment. Abnormal expression of inflammatory cytokines and growth 
factors and accumulation of harmful substances exist in hepatisis, these may promote 
HCC by directly or indirectly changing the DNA methylation and histone 
modifications in the hepatocyte. Therefore, to investigate relationship between the 
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significance. 
First, this study used immunohistochemistry (IHC) and Western blot (WB) 
method to detect surgically removed tissues of HCC patients. In comparing the 
expression differences of DNMT1 and DNMT3B protein of tumor tissues and 
adjacent tissues, we found the protein expression in tumor tissues were significantly 
upregulated. In 89 cases, the IHC results showed DNMT1 increases accounted for 
83.15% and DNMT3B increases accounted for 85.39%. Furthermore, the expression 
of both poteins in tumors and poor prognosis are positively correlated. The WB results 
showed, DNMT1 in 48/64 cases and DNMT3b in 18/24 cases showed high expression 
in the cancer tissue, and DNMT1 expression was positively correlated with the 
activation of AKT pathway. Then through the application of DNMTs’ inhibitor 
5'-aza-2 'deoxycytidine (5-Aza-CdR), the DNMT1 and DNMT3B influence in the 
proliferation, cell cycle, migration and apoptosis of HepG2 cells is demonstrated.  
In the study, we found that the hepatocyte growth factor (HGF) which is closely 
related to HCC could promote DNMT1 and DNMT3B protein levels in HepG2 and 
HL-7702 cells ，but no significant changed in mRNA levels. Further exploration 
showed the impact of HGF on the signaling pathway of DNMT1 and DNMT3B. 
Finally, we construct genome-wide methylation chips and gene expression profiles of 
L-02 cells treated by HGF, select and identify tumor suppressor genes (TSGs), such as 
PTEN, PNMT, MYOCD ,LHX9 ,PANX2 which are silenced and reduced by HGF.  
This study further clarifies the theoretical basis and the importance of DNMT1 
and DNMT3B on the prognosis of hepatocellular carcinoma. From the prospective of 
cell biology and genomics, we discussed the epigenetic mechanism of the impact of 
the growth factor HGF on malignant phenotype of HCCs, and suggested that the liver 
microenvironment plays an important role in the malignant transformation of liver 
cancer. 
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图 1-1 世界不同地域每 10 万人年肝癌年龄标准化发生率及男女发生比例[3] 
Fig 1-1 Age-standardized incidence rates of liver cancer per 100,000 person-years 

















 2  
遍认为原发性肝癌的发生是多因素、多途径、多步骤长期作用的结果, 在多种致
癌因素(HBV 和 HCV、食物中黄曲霉毒素 B1 摄入、长期过量饮酒、遗传性肝病、
















肝硬化患者中约 25%-40%合并肝癌。肝癌病人 HBV 标记阳性的病人达到
85%-90%。乙肝表面抗原（HBsAg）的携带率与肝癌的发病率呈正比，人群 HBsAg
阳性者，其患肝癌的相对危险性为 HBsAg 阴性者的 10-50 倍。有研究发现，原
发性肝癌患者肝内 HBV 处于持续活跃复制状态，HBV 在肝细胞内持续反复刺激, 
改变炎症微环境，诱导基因表达改变和突变以及整合入肝细胞基因组 DNA[8]，

















 3  
决定性作用[10]。在肝细胞内 AFB1 可以与鸟嘌呤第７位氮原子结合形成 AFB1－
N7－鸟嘌呤加成物，诱导基因突变；还可以和 mRNA、tRNA 结合，影响基因的
转录翻译。另外，AFB1 可以导致 p53 基因第 249 位密码子第３位碱基发生 G→T
的点突变[11]。有研究指出，给感染 HBV 和未感染 HBV 的小鼠注射 AFB1 后，
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